I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

High blood pressure (BP) accounts for approximately 50% of cardiovascular disease (CVD) morbidity worldwide \[[@ref1]\] and is a major independent risk factor for global disease burden \[[@ref2][@ref3]\]. A nationwide survey in Taiwan indicated that the overall prevalence of hypertension (HTN) was 25% in men and 18% in women \[[@ref4]\]. In addition, the prevalence of HTN in Taiwan has increased over time due to the increased prevalence rates of prehypertension, obesity, and metabolic syndrome \[[@ref5]\]. HTN also increases the risk for deterioration of renal function \[[@ref6]\]. Proteinuria is the earliest marker of kidney damage in clinical practice and also an important predictor of progression to end-stage renal disease \[[@ref7]\]. Thus, screening for chronic kidney disease (CKD)-based proteinuria and aggressive control of CKD risk factors, such as HTN, are extremely important \[[@ref8]\].

The 2015 guidelines of the Taiwan Society of Cardiology and the Taiwan Hypertension Society state that BP should be \<130/80 mmHg for patients with CKD and proteinuria \[[@ref9]\]. Similarly, a *post hoc* analysis of patients with proteinuria reported a lower BP target (\<130/80 mmHg) and improved renal outcome \[[@ref10]\].

Many recent studies have investigated the effects of different diets on BP \[[@ref11][@ref12][@ref13]\]. Most of these studies had a relatively small number of participants and only examined groups of vegetarians. A recent meta-analysis reported lower BP in individuals with vegetarian than nonvegetarian diets \[[@ref14]\]. However, no studies have yet examined the relationship between BP and a vegetarian diet in asymptomatic participants with proteinuria and Stage 1 or 2 CKD.

We hypothesized that, compared with an omnivore diet, a vegetarian diet could lower BP in participants with or without proteinuria. We examined this hypothesis by performing a large retrospective cross-sectional study.

M[ATERIALS AND METHODS]{.smallcaps} {#sec1-2}
===================================

Study participants {#sec2-1}
------------------

This retrospective cross-sectional study examined the records of individuals admitted to the health checkup center of Taipei Tzu Chi Hospital (New Taipei City, Taiwan). We analyzed individuals over 40 years old who received self-paid health examinations from September 5, 2005, to December 31, 2016. We excluded individuals whose records had missing or incorrect identification and missing biochemical examination data. Participants who had more than one health checkup were recruited for analysis just once at the first checkup. This study was approved by our local Institutional Review Board (06-XD12-033) and followed the Strengthening the Reporting of Observational Studies in Epidemiology guidelines.

Clinical assessment {#sec2-2}
-------------------

The presence of diabetic mellitus (DM), HTN, hyperlipidemia, and CVD was recorded. The participants were placed into four age groups for comparison: 40--49 years, 50--59 years, 60--69 years, and \>70 years.

The dietary patterns and lifestyle variables of participants were collected using a self-reported questionnaire, which was completed when they first visited for the health examination. The questionnaire investigated alcohol consumption, betel nut chewing, cigarette smoking, amount of exercise, and type of diet (vegan, ovo-lacto vegetarian, or omnivore). An ovo-lacto vegetarian was defined as a person who consumes eggs or dairy products or both, but no other animal products; a vegan as one who only consumes plant-based foods; and an omnivore as one who consumes both plant- and animal-based foods. Regular exercise was defined exercise more than 3 times per week. Height and weight were measured by an automatic electronic meter (SECA GM-1000, Seoul, Korea), and body mass index (BMI, kg/m^2^) was calculated.

Proteinuria was determined using dipstick analysis with an automated urine analyzer (Arkray 4030, Tokyo, Japan). These results were graded as negative (\<10 mg/dL), trace (±) (10--20 mg/dL), 1+ (30 mg/dL), 2+ (100 mg/dL), 3+ (300 mg/dL), or 4+ (1000 mg/dL). Patients with trace levels, 1+ levels, and above were defined as having proteinuria.

Statistical analysis {#sec2-3}
--------------------

The characteristics of participants were analyzed using the Chi-square test for categorical variables and one-way analysis of variance for continuous variables. For categorical variables, if the observed values of each cell in the Chi-square test were \<5, Fisher\'s exact test was used. A multivariate multiple linear regression model with no intercept was used to identify factors associated with the two dependent variables (systolic and diastolic BP), and the coefficient and standard error were calculated. The multivariate term refers to the two dependent variables (diastolic and systolic BPs) that are analyzed jointly. The factors considered in the multivariate analysis were age, sex, regular exercise, current smoking, alcohol drinking, betel nut chewing, DM, HTN, CVD, hyperlipidemia, BMI, and proteinuria. All statistical analyses were two-tailed, and *P* = 0.05 was considered statistically significant. SAS software version 9.4 (SAS, Cary, NC, USA) was used for the statistical analysis.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

We examined the medical records of 36,617 individuals, 16,415 (44.8%) males and 20,202 (55.2%) females \[[Figure 1](#F1){ref-type="fig"}\]. [Table 1](#T1){ref-type="table"} shows the baseline characteristic of vegans (7.7%), lacto-ovo vegetarians (15.3%), and omnivores (77.0%). The vegan group was significantly older than the other groups (mean age of 64.1 years, 66.4% of participants older than 60 years). The prevalence of current smoking, alcohol drinking, and betel nut chewing was significantly lower in the vegan and lacto-ovo vegetarian groups than in the omnivore group (*P* \< 0.001). The vegan group had a higher rate of regular exercise than the other two groups. The vegan and lacto-ovo vegetarian groups had higher percentages of DM and CVD than the omnivore group. The vegan group had a lower prevalence of HTN and proteinuria than the other groups (*P* \< 0.001). The mean systolic and diastolic BP levels were 121 mmHg and 73.7 mmHg overall. Omnivores had a higher mean BMI (24 kg/m^2^) and a lower rate of regular exercise (*P* \< 0.001). The proportion taking HTN medication showed no significant differences among the three dietary groups.

![Participant selection process](TCMJ-30-176-g001){#F1}

###### 

Characteristics of individuals according to diet group

                                   Vegans        Lacto-ovo vegetarians   Omnivores      *P*
  -------------------------------- ------------- ----------------------- -------------- ---------
  *N*                              2818          5616                    28183          
  Age, years (mean±SD)             64.1±10.1     59.8±9.1                59.7±11.0      \<0.001
  Age, years (group), *n* (%)                                                           
   40-49                           196 (7.0)     788 (14.0)              5500 (19.5)    \<0.001
   50-59                           751 (26.7)    1981 (35.3)             8800 (31.2)    
   60-69                           1077 (38.2)   2072 (36.9)             8839 (31.4)    
   ≥70                             794 (28.2)    775 (13.8)              5044 (17.9)    
  Sex, *n* (%)                                                                          
   Male                            887 (31.5)    1843 (32.8)             13685 (48.6)   \<0.001
   Female                          1931 (68.5)   3773 (67.2)             14498 (51.4)   
  Current smoking *n* (%)          3 (0.1)       46 (0.8)                1472 (5.2)     \<0.001
  Alcohol drinking (%)             125 (4.4)     348 (6.2)               7108 (25.2)    \<0.001
  Betel chewing (%)                0 (\<0.1)     0 (\<0.1)               77 (0.3)       \<0.001
  Regular exercise (%)             478 (17.0)    667 (11.9)              2702 (9.6)     \<0.001
  Married (%)                      2540 (90.1)   5238 (93.3)             22037 (78.2)   \<0.001
  Comorbidity, *n* (%)                                                                  
   DM                              548 (19.4)    1021 (18.2)             4686 (16.6)    \<0.001
   HTN                             622 (22.1)    1340 (23.9)             6482 (23.0)    \<0.001
   HTN medication used             513 (18.2)    1027 (18.3)             5177 (18.4)    0.99
   Hyperlipidemia *n* (%)          627 (22.2)    1354 (24.1)             6546 (23.2)    0.16
   CVD *n* (%)                     580 (20.6)    1081 (19.2)             4777 (16.9)    0.14
   Systolic BP (mmHg) (mean±SD)    121 (17)      120 (15)                122 (16)       \<0.001
   Diastolic BP (mmHg) (mean±SD)   74 (12)       72 (14)                 75 (12)        \<0.001
  BMI (kg/m^2^), *n* (%)                                                                
   \<25                            2133 (75.7)   4204 (74.9)             18595 (66.0)   \<0.001
   25-29                           603 (21.4)    1227 (21.8)             8122 (28.8)    
   30+                             82 (2.9)      185 (3.3)               1466 (5.2)     
  BMI (kg/m^2^) (mean±SD)          23 (3.3)      23.2 (3.3)              24 (20.4)      \<0.001
  Proteinuria, *n* (%)                                                                  
   −                               2564 (91.0)   4681 (83.4)             25148 (89.2)   \<0.001
  ±, 1+, and above *n* (%)         254 (9.0)     935 (16.6)              3035 (10.8)    

Data are shown as *n* (%) or mean (SD). DM: Diabetes mellitus, HTN: Hypertension, CVD: Cardiovascular disease, BP: Blood pressure, BMI: Body mass index, SD: Standard deviation, - : negative (\<10 mg/dL), trace (±) (10--20 mg/dL), 1+ (30 mg/dL), 2+ (100 mg/dL), 3+ (300 mg/dL), or 4+ (1000 mg/dL)

Analysis of these data by the multivariate linear regression model indicated that the vegan group had a significantly lower mean diastolic BP (−1.32 mmHg, *P* \< 0.001) than the omnivore group \[[Table 2](#T2){ref-type="table"}\]. The lacto-ovo vegetarian group had both a lower mean systolic BP (−1.99 mmHg, *P* \< 0.001) and diastolic BP (−3.18 mmHg, *P* \< 0.001) than the omnivore group \[[Table 2](#T2){ref-type="table"}\]. In addition, participants with proteinuria had both a significantly higher mean systolic BP (2.85 mmHg, *P* \< 0.001) and diastolic BP (1.28 mmHg, *P* \< 0.001) \[[Table 2](#T2){ref-type="table"}\]. The multivariate multiple linear regression model with no intercept indicated that age had a strong effect on both systolic BP (1.66 mmHg, *P* \< 0.001) and diastolic BP (0.99 mmHg, *P* \< 0.001) \[[Table 3](#T3){ref-type="table"}\]. Systolic and diastolic BP was also significantly greater in males, current smokers, consumers of alcohol, and especially betel nut chewers (*P* \< 0.001 for all comparisons) \[[Table 3](#T3){ref-type="table"}\].

###### 

Influence of different factors on systolic and diastolic blood pressure determined by a multivariate linear regression model^a^

                                           Systolic BP (mmHg)   Diastolic BP (mmHg)                                     
  ---------------------------------------- -------------------- --------------------- ----------------- ------- ------- -----------------
  Age                                      0.47                 0.008                 \<0.001^\*\*\*^   0.13    0.006   \<0.001^\*\*\*^
  Male versus female                       4.78                 0.17                  \<0.001^\*\*\*^   6.07    0.125   \<0.001^\*\*\*^
  Current smoking                          −0.65                0.427                 0.13              1.74    0.321   \<0.001^\*\*\*^
  Alcohol drinking                         −0.55                0.21                  0.008^\*\*^       1.21    0.158   \<0.001^\*\*\*^
  Betel chewing                            8.80                 1.86                  \<0.001^\*\*\*^   8.21    1.397   \<0.001^\*\*\*^
  Regular exercise                         4.75                 0.277                 \<0.001^\*\*\*^   0.75    0.209   \<0.001^\*\*\*^
  Marriage                                 −3.26                0.219                 \<0.001^\*\*\*^   −1.97   0.164   \<0.001^\*\*\*^
  Comorbidity                                                                                                           
   DM                                      4.58                 0.225                 \<0.001^\*\*\*^   0.69    0.17    \<0.001^\*\*\*^
   HTN                                     12.40                0.192                 \<0.001^\*\*\*^   6.52    0.148   \<0.001^\*\*\*^
   Hyperlipidemia                          12.31                0.191                 \<0.001^\*\*\*^   6.49    0.148   \<0.001^\*\*\*^
   CVD                                     4.22                 0.223                 \<0.001^\*\*\*^   0.49    0.168   0.004^\*\*^
   BMI (kg/m^2^)                           0.05                 0.005                 \<0.001^\*\*\*^   0.03    0.004   \<0.001^\*\*\*^
   Proteinuria                             2.85                 0.266                 \<0.001^\*\*\*^   1.28    0.2     \<0.001^\*\*\*^
   Vegan versus omnivores                  −0.14                0.322                 0.67              −1.32   0.241   \<0.001^\*\*\*^
   Lacto-ovo vegetarian versus omnivores   −1.99                0.238                 \<0.001^\*\*\*^   −3.18   0.178   \<0.001^\*\*\*^

^a^Adjusted for age, gender, smoking, alcohol drinking, betel nut chewing, exercise, marital status, HTN, diabetes, CVD, hyperlipidemia, BMI, and proteinuria. DM: Diabetes mellitus, HTN: Hypertension, CVD: Cardiovascular disease, BP: Blood pressure, BMI: Body mass index, SE: Standard error, \*\**P* \<0.01, \*\*\**P* \<0.001

###### 

Influence of different factors on systolic and diastolic blood pressure determined by a multivariate multiple linear regression model with no intercept^a^

                                            Systolic BP (mmHg)   Diastolic BP (mmHg)                                     
  ----------------------------------------- -------------------- --------------------- ----------------- ------- ------- -----------------
  Age                                       1.66                 0.004                 \<0.001^\*\*\*^   0.99    0.003   \<0.001^\*\*\*^
  Male versus female                        6.08                 0.223                 \<0.001^\*\*\*^   7.06    0.166   \<0.001^\*\*\*^
  Current smoking                           7.05                 0.542                 \<0.001^\*\*\*^   4.76    0.403   \<0.001^\*\*\*^
  Alcohol drinking                          1.22                 0.279                 \<0.001^\*\*\*^   0.90    0.208   \<0.001^\*\*\*^
  Betel chewing                             18.07                2.306                 \<0.001^\*\*\*^   11.97   1.716   \<0.001^\*\*\*^
  Regular exercise                          −8.73                0.347                 \<0.001^\*\*\*^   −7.07   0.258   \<0.001^\*\*\*^
  Marriage                                  16.72                0.255                 \<0.001^\*\*\*^   11.02   0.190   \<0.001^\*\*\*^
  Comorbidity                                                                                                            
   DM                                       −3.70                0.684                 \<0.001^\*\*\*^   −3.42   0.509   \<0.001^\*\*\*^
   HTN                                      −2.94                1.781                 0.10              −2.30   1.326   0.08
   Hyperlipidemia                           −1.90                0.675                 0.005^\*\*^       −1.73   0.502   0.001^\*\*^
   CVD                                      6.11                 1.774                 0.001^\*\*^       3.81    1.320   0.004^\*\*^
   BMI (kg/m^2^)                            0.17                 0.006                 \<0.001^\*\*\*^   0.11    0.004   \<0.001^\*\*\*^
   Proteinuria                              4.26                 0.386                 \<0.001^\*\*\*^   2.15    0.287   \<0.001^\*\*\*^
   Vegan versus omnivores                   −3.87                0.423                 \<0.001^\*\*\*^   −2.48   0.315   \<0.001^\*\*\*^
   Lacto-ovo vegetarian versus. omnivores   −0.34                0.327                 0.30              −1.58   0.243   \<0.001^\*\*\*^

^a^Adjusted for age, gender, smoking, alcohol drinking, betel nut chewing, exercise, marital status, HTN, diabetes, CVD, hyperlipidemia, BMI, and proteinuria. DM: Diabetes mellitus, HTN: Hypertension, CVD: Cardiovascular disease, BP: Blood pressure, BMI: Body mass index, SE: Standard error, \*\**P* \<0.01, \*\*\**P* \<0.001

The vegan group had a significantly lower mean systolic BP (−3.87 mmHg, *P* \< 0.001) and diastolic BP (−2.48 mmHg, *P* \< 0.001) than the omnivore group \[[Table 3](#T3){ref-type="table"}\]. The lacto-ovo vegetarian group had a lower mean diastolic BP (−1.58 mmHg, *P* \< 0.001) than the omnivore group, but these groups had a similar systolic BP \[[Table 3](#T3){ref-type="table"}\]. Participants with proteinuria had a higher mean systolic BP (4.26 mmHg, *P* \< 0.001) and diastolic BP (2.15 mmHg, *P* \< 0.001) than those without proteinuria \[[Table 3](#T3){ref-type="table"}\]. Parameter estimates indicated that vegans with proteinuria had a lower mean systolic BP (−2.73 mmHg, *P* = 0.046) and diastolic BP (−2.54 mmHg, *P* = 0.013) than other groups with proteinuria \[[Table 4](#T4){ref-type="table"}\]. However, individuals in the lacto-ovo vegetarian group with proteinuria had systolic and diastolic BPs similar to other groups with proteinuria \[[Table 4](#T4){ref-type="table"}\].

###### 

Parameter estimates (β coefficient, 95% confidence interval) relating blood pressure and dietary pattern by proteinuria status^a^

                                           Coefficient (95% CI)                                                                
  ---------------------------------------- --------------------------- --------------------------- --------------------------- ---------------------------
  Vegan versus omnivores                   −4.17 (−5.00-−3.35)\*\*\*   −3.87 (−4.70-−3.04)\*\*\*   −2.71 (−3.32-−2.11)\*\*\*   −2.48 (−3.09-−1.86)\*\*\*
  Lacto-ovo vegetarian versus. omnivores   −0.61 (−1.25-0.03)\*\*\*    −0.34 (−0.98-0.30)          −1.78 (−2.24-−1.31)\*\*\*   −1.58 (−2.05-−1.10)\*\*\*
  Proteinuria                              No entries                  4.26 (3.50-5.02)\*\*\*      No entries                  2.15 (1.58-2.71)\*\*\*
  Vegan with proteinuria                   No entries                  −2.73 (−5.41-−0.05)\*       No entries                  −2.54 (−4.53-−0.54)\*
  Lacto-ovo vegetarian with proteinuria    No entries                  −0.90 (−2.50-0.69)          No entries                  0.65 (−0.53-1.84)

\**P* \<0.05, \*\*\**P* \<0.001. ^a^Adjusted for age, gender, smoking, alcohol drinking, betel nut chewing, exercise, marital status, hypertension, diabetes, CVD, hyperlipidemia, and BMI. BP: Blood pressure, BMI: Body mass index, CVD: Cardiovascular disease, CI: Confidence interval

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Previous studies investigated the relationship between diet and BP reported that vegetarians had lower BPs than omnivores \[[@ref13][@ref14][@ref15][@ref16]\]. However, these studies had relatively small number of patients. To the best of our knowledge, the present study is the largest cross-sectional study comparing systolic and diastolic BP in vegans, lacto-ovo vegetarians, and omnivores. Our hospital-based study is also the first study to examine the influence of diet on BP in asymptomatic CKD patients with proteinuria.

Beilin and Burke \[[@ref17]\] reported that a diet with a low level of saturated fat, a high potassium/phosphorus ratio, and a high level of vegetable fiber, as in vegetarian diets, was associated with a clear reduction in BP. It is also possible that a vegetarian diet is associated with lower BP because this diet modulates baroreceptor sensitivity, leads to vasodilation, alters the catecholamine and renin--angiotensin system, and reduces blood viscosity \[[@ref18]\]. Some studies also reported that BP declines following a change from a meat-based diet to a vegetarian diet \[[@ref19][@ref20]\]. Further studies are needed to identify the specific reasons why a vegetarian diet is associated with lower BP.

A 2014 meta-analysis of 39 studies (21,915 participants) concluded that a vegetarian diet was associated with a significantly lower mean systolic BP (−5.9 mmHg) and diastolic BP (−3.5 mmHg) than an omnivorous diet \[[@ref14]\]. Similarly, our vegan group had a lower mean systolic BP (−3.87 mmHg, *P* \< 0.001) and diastolic BP (−2.48 mmHg, *P* \< 0.001) relative to the omnivore group \[[Table 3](#T3){ref-type="table"}\]. In our lacto-ovo vegetarian group, only the diastolic BP was significantly lower (−1.58 mmHg, *P* \< 0.001) relative to the omnivore group \[[Table 3](#T3){ref-type="table"}\]. Some reviews reported a significantly lower prevalence of HTN in vegans relative to nonvegetarians and those with other vegetarian diet patterns \[[@ref21][@ref22][@ref23]\]. However, few studies have examined the benefits of strict vegan diets.

We also found that diet had a significant effect on the prevalence of HTN. HTN was present in 22.1% of the vegans, 23.9% of the lacto-ovo vegetarians, and 23.0% of the ominovores \[[Table 1](#T1){ref-type="table"}\]. There is abundant evidence that HTN is a leading risk factor for CKD, and that poor BP control contributes to the deterioration of renal function \[[@ref6][@ref24][@ref25]\]. Proteinuria is a marker of early-stage CKD \[[@ref7][@ref8][@ref26]\], so screening of asymptomatic individuals for proteinuria and strict BP control is very important to prevent progression of CKD \[[@ref27]\].

The participants in our study who had proteinuria also had significantly higher systolic and diastolic BP, but those in the vegan group with proteinuria had a lower systolic BP (−2.73 mmHg, *P* = 0.046) and diastolic BP (−2.54 mmHg, *P* = 0.013) than other groups with proteinuria \[[Table 4](#T4){ref-type="table"}\]. Some small studies reported that a plant-based diet can delay the progression of CKD, protect the renal endothelium, and decrease proteinuria \[[@ref28][@ref29]\]. Moreover, studies of CKD patients indicate that high intake of dietary fiber slows the decrease in the glomerular filtration rate and reduces inflammatory status \[[@ref30][@ref31]\].

The present study is the largest to date to investigate the association between diet and BP. Most participants were volunteers from the Buddhist Tzu Chi Foundation, suggesting they had stable dietary habits and accurately reported their diets. Moreover, we measured BP using an automatic electronic meter, which provides valid measurements of BP. Another novelty of our study is that it is the first to examine the effect of a vegan diet on BP in individuals with asymptomatic proteinuria. Some limitations of this study must also be acknowledged. First, selection bias was possible, in that participants motivated to have a health checkup may not be representative of the general population. Second, we had no information on portion size, a number of calories consumed, nutrient composition of food, or duration of dietary regimens in our participants. Third, this study had a cross-sectional design, so causality could not be established because of the temporal relationship between a vegan diet and BP is unclear. Nevertheless, this is the first study to show an association between BP and diet patterns in participants with proteinuria.

C[ONCLUSIONS]{.smallcaps} {#sec1-5}
=========================

Our study demonstrated that a vegan diet was significantly associated with lower systolic and diastolic BP compared with a nonvegetarian diet. We observed the same benefit of a vegan diet in analysis of asymptomatic CKD patients who had proteinuria. Thus, a vegan diet could be an effective nonpharmacologic approach to reduce BP. If the association of a vegan diet with the outcomes observed here are indeed causal, this may be an important approach to slow the progression of CKD.
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